INTRODUCTION
The European corn borer (Ostrinia nubilalis Hüb.) is currently considered the major corn pest. The greatest harmfulness of this species is recorded in regions of intensive corn cultivation, where caterpillars damage from 50% to 80% of plants at many plantations, in some cases even up toof chemicals involve risk of negative impact of these substances on the environment and living organisms.
There is also a possibility of biological controlling of O. nubilalis like applying Trichogramma sp. -a useful insect, parasite of many butterfly species. This method involves the use of biopesticides (e.g. Trichoplus) containing living Trichogramma sp. chrysalises [Bereś 2013 ]. The previous research indicate also a possibility of using entomopathogenic fungi, especially from Beauveria and Isaria genera, to control O. nubilalis in corn cultivations [Bing and Lewis 1993, Kuźniar et al. 2012] .
Entomopathogenic fungi are natural factors regulating the population of many insect species, including O. nubilalis. An interesting alternative to chemical methods may be the production of biopesticides based on these microorganisms [Bajan et al. 1992, Faria and Wright 2007] . They infect insects regardless of the type of their mouthparts. Contrary to the bacterial or viral infections, which occur by alimentary tract, fungal infection occurs as a result of enzymatic dissolution of the insect cuticle. In the body of infected arthropod develops hyphae, which causes the destruction of the internal organs, and thus the death of the infected individual [Bidochka and Khachatourians 1994] . Environment in which entomopathogenic fungi have best conditions for survival and development is the soil, where these microorganisms frequently cause natural arthropod mycoses [Miętkiewski et al. 1997 , Tkaczuk 2008 .
One of the important issues of integrated plant protection is to understand the impact of chemical pesticides on entomopathogenic fungi in order to determine the possibilities of their combined use with pesticides in plant protection.
As it is known from the literature pesticides can have a negative effect on the growth, sporulation and pathogenicity of entomopathogenic fungi [Vänninen and Hokkanen 1988 The aim of this study was to evaluate the effect of selected pesticides used in corn protection on growth of two entomopathogenic fungi Hirsutella nodulosa isolated from O. nubilalis larvae and Beauveria bassiana isolated from soil of the corn plantation inhabited by the European corn borer.
MATERIAL AND METHODS
The effect of tree pesticides (2 herbicides: chizalofop-P-ethyl and glyphosate, and insecticide: lambda-cyhalothrin) on colony of entomopathogenic fungi (Hirsutella nodulosa and Beauveria bassiana) growth was evaluated under laboratory conditions. Details of the characteristics of the applied pesticides are presented in Table 1 .
Hirsutella nodulosa strain was isolated from European corn borer (Ostrinia nubilalis) caterpillar derived from corn plantation cultivated in monoculture from Krzeczowice near Przeworsk (field belonging to the Regional Experimental Station of the Institute of Plant Protection -NRI in Rzeszów, south-eastern Poland). The Beauveria bassiana has been isolated by means of Galleria bait method from the soil collected on the corn field near Siedlce. Fungi were assigned to species according to their morphological features [Goetel and Inglis 1997, Hodge 2000 ]. The fungal isolates were cultured on Sabouraud's medium with addition of the aforementioned pesticides.
The medium was sterilized in an autoclave at 121 °C for 15 minutes. When the medium obtained 50-60 °C precise doses of pesticides were added. Subsequent concentration of pesticides in medium was obtained by dilution.
The tested pesticides were added to the medium in the following doses:
• A -10 times higher than recommended field dose, • B -recommended field dose, • C -10 times lower than recommended field dose.
As a control fungi cultures grown on medium without pesticides were used. The medium in Petri dishes with 9 mm diameter were inoculated with mycelium of one week cultures grown on Sabouraud's medium and then incubate at 22-23 °C. Experiment was performed in four replications. Observations of colony growth were carried out every 5 days until the 20 th day of culturing by measuring the colony diameter (in millimeters). The results are presented as colony diameter size expressed as a percentage relative to the control.
RESULTS
Among the tested pesticides herbicide chizalofop-P-ethyl was the most toxic to the Hirsutella nodulosa. The dose (A) applied in a 10 times higher amount than recommended caused a complete inhibition of fungal growth (Table 2 ). In the same dose the growth of H. nodulosa colony (Table 2) . At the recommended field dose (B) herbicides chizalofop-P-ethyl and glyphosate after 20 days of experiment inhibited the fungal colony growth respectively by approximately 64% and 52%. The tested herbicides strongly limited the growth of H. nodulosa on media with a 10 times lower than recommended concentration (C) as well. After 20 days of observation colonies of fungus growing on media with C dose of herbicides chizalofop-Pethyl and glyphosate reached respectively 58,2% and 65,7% of the control colonies size.
Insecticide lambda-cyhalothrin tested in the experiment was less toxic to H. nodulosa compared to herbicides. After 20 days of observation fungal colonies growing on media supplemented with this insecticide at 10 times higher than recommended dose reached 46.5% of the control colonies diameter. On the same day of observation in the recommended field dose (B) lambda-cyhalothrin slightly inhibited the growth of the fungus (by 13,6% compared to the control) whereas at 10 times lower than recommended dose (C) it showed even slightly stimulating effect on the growth of the H. nodulosa colony ( Table 3) .
The pesticides tested in the experiment also affected the development of B. bassiana. The growth of this fungus depended crucially on the type of pesticide and its concentration in medium.
The study showed that among the tested pesticides most inhibitory effect on the growth of B. bassiana had chizalofop-P-ethyl herbicide, which used in 10 times higher than recommended dose caused complete inhibition of fungus growth ( Table 4 ). The applied dose A of glyphosate also inhibited the growth of the tested fungus, but its influence was significantly weaker than the chizalofop-P-ethyl effect. The growth of B. bassiana colonies began after 10 days of observation, and after 20 days they reached 68% of the control colonies size (Table 4) .
In a recommended field dose (B) chizalofop-P-ethyl also strongly inhibited the B. bassiana growth, which began after 15 days of observation. On the 20 th day of growth fungal colonies reached 56.1% of the controls (Table 4) . Glyphosate was significantly less toxic to B. bassiana. It started to grow after 10 days of observation and after 20 days fungal colonies grown on medium with pesticide addition were only 6,5% smaller than the control ones.
After 20 days of the experiment and at 10 times lower than recommended concentration (C) chizalofop-P-ethyl inhibited the fungal growth by 23,5% (Table 4 ). In the medium with glyphosate addition in dose C, B. bassiana have started to grow after 10 days of the experiment and after 20 A -10 times higher than recommended field dose, B -recommended field dose, C -10 times lower than recommended field dose ± -standard deviation Explanations as in Table 2 .
days fungal colonies obtained on average 74% of the control colonies size ( Table 4 ).
The insecticide lambda-cyhalothrin tested in the experiment was less toxic to B. bassiana than herbicides. On media supplemented with this insecticide at 10 times higher than recommended dose fungal colonies reached 78% of the control colonies size after 20 days of experiment. On 20 th day of observation lambda-cyhalothrin at recommended field dose slightly inhibited the fungal growth (at about 20.6% compared to the control). On the same day of experiment insecticide at 10 times lower than recommended dose showed no negative effect on the size of B. bassiana colonies. It reached 99.7% of the control colonies diameter (Table 5) .
DISCUSSION
The main factors limiting the ability of effective use of biopesticides based on entomopathogenic fungi in pest control are relatively poor knowledge of their biology as well as insufficient knowledge of the effect of environmental factors and impacts associated with human activities on growth and pathogenicity of these microorganisms, including the use of pesticides.
Most of laboratory research indicates a negative effect of pesticides on entomopathogenic fungi. These products can reduce growth, sporulation, spore germination and pathogenicity of these fungi [Bajan and Kmitowa 1997 According to Kmitowa [1982, 1997] , pesticides which are used in Poland do not eliminate the entomopathogenic fungi from the environment, however, some of them may limit the growth or impair pathogenicity of these organisms.
The reaction power depends on fungus species or its ecotype. Numerous laboratory studies indicated that the various fungal species, or even strains of the same species vary in susceptibility to pesticides [Bajan et al. 1992 The present study showed that most toxic effects on H. nodulosa and B. bassiana had chizalofop-P-ethyl herbicide applied at 10 times higher than recommended dose as well as at the recommended field dose. Among the tested herbicides relatively low inhibition of the fungi growth showed based on glyphosate Roundup 360 SL.
According to Tkaczuk and Miętkiewski [2001] herbicides Roundup (glyphosate) and Stomp (pendimethalin) at the dose 10 times higher than the recommended once completely inhibited the growth of Hirsutella aphidis. At recommended field concentration inhibitory effect of Roundup was less than effect of Stomp. Examining the growth of entomopathogenic fungi Explanations as in Table 2 . Table 5 . The size of Beauveria bassiana colonies grown on media with lambda-cyhalothrin insecticide Explanations as in Table 2 .
on media containing herbicides that were used in orchards Miętkiewski et al. [1990] have found that glyphosate was the least toxic of the studied pesticides. Even on medium containing this herbicide at a 10 times higher than recommended dose, all tested fungal species (B. bassiana, Paecilomyces fumosoroseus and Verticillium lecanii) have grown.
Tested in this study insecticide Lambda-cyhalothrin was less toxic to H. nodulosa and B. bassiana than herbicides. Its recommended dose (B) inhibited the growth of the aforementioned fungal isolates of respectively 24.5% and 21.6% compared to control. Similar results about the impact of lambda-cyhalotrin to H. nodulosa isolated from European corn borer caterpillars were obtained by Tkaczuk et al. [2013] . Many authors indicate relatively small effect of insecticides on the growth and germination of entomopathogenic fungi compared to fungicides and herbicides [Miętkiewski et al. 1997 , Tkaczuk et al. 2012 In this study H. nodulosa isolated from European corn borer caterpillars showed greater susceptibility to the tested pesticides than B. bassiana obtained from the soil. Examining the effects of selected insecticides on the growth of several entomopathogenic fungi species (e.g. Isaria farinosa, I. fumosorosea, Metarhizium anisopliae and Lecanicilium sp.) and H. nodulosa. Tkaczuk et al. [2013] found significantly greater susceptibility of this fungus to the tested pesticides than aforementioned species. Tkaczuk and Miętkiewski [2005] observed a difference in susceptibility to pesticides of four fungal species from Hirsutella genus pathogenic to phytophagous mites. Fungi H. necatrix and H. kirchneri isolated from eriophyid mite Abacarus hystrix were the most resistant to toxic effect of tested pesticides and H. nodulosa isolated from Tarsonemidae mite was the most susceptible.
It should be, however, emphasized that the laboratory research on fungi susceptibility to pesticides do not necessarily reflect the complex situation in field, where the interactions between fungi and pesticides could be modified by a number of biotic and abiotic factors.
A stronger effect of pesticides on entomopathogenic fungi under in vitro conditions, on the culture medium, compared with their effects in the soil may be due to the several reasons. Culture medium is characterized by high homogeneity and therefore, the precise distribution of active substance, which makes its impact on the fungus more rapid and more efficient, in comparison with heterogeneous soil environment. Furthermore, the particles of pesticide in soil may be bound by some of its ingredients. In particular organic matter, which is the main soil component responsible for adsorbing pesticides by the hydrobiotic reactions [Green and Karickhoff 1990] .
Some studies indicate synergetic effects of entomopathogenic fungi and particular insecticide substances. Pelizza [2015] evaluating the efficacy of combinations between three insecticides (luphenuron, methoxyfenozid, rynaxypyr) and strains of Beauveria bassiana and Metarhizium anisopliae in the control of the pest grasshopper Ronderosia bergi found that combinations of those insecticides with tested fungi caused higher mortality to R. bergi nymphs than any of the individual agents used alone. It is suggested that the fungi could metabolize the insecticides compounds and used it as secondary nutrients. Another explanation of synergetic action of entomopathogenic fungi and particular insecticides is that within a toxic environment, the fungus could respond with an enhanced reproductive effort in the form of an increased conidia production [Pelizza 2015].
Hernandez et al. [2012] who evaluated the compatibility of flufenoxuron and azadirachtin with Beauveria bassiana against Tetranychus urticae larvae as the cause of more effective action of entomopathogenic fungi with this insecticides indicate the possibility that they can inhibit the formation of chitin in mite cuticle and facilitate the fungi penetration inside the arthropod.
Another research revealed, however, no or negative impact of insecticides on entomopathogenic fungi. Rashid et al. [2010] , for example, found that insecticides: fipronil, pyriproxyfen and hexaflumuron significantly reduced the conidial germination of Metharizium anisopliae under laboratory conditions. Tested in this study insecticide lambda-cyhalothrin slightly reduced the size of fungal colonies, which make it suitable for compatible use with entomopathogenic fungi.
Finding the appropriate insecticides that enhance the pathogenicity of particular entomopathogenic fungi species, or at least not affect negatively on their action appears to be useful in integrated pest management. Compatible use entomopathogenic fungi and insecticides would allow apply chemical pesticides at lower concentrations.
